Abstract-We investigated the correlation between restraint stress-induced alter ation of antibody responses and adrenal hormones. Adrenalectomy (Adx) blocked both the suppression of antibody response against T cell-dependent (TD) antigen and the enhancement of that against T cell-independent (TI) antigen in stressed mice. Adx also inhibited the atrophy of both thymus and spleen caused by restraint. Pre-treatment of metyrapone, an inhibitor of adrenocortical steroid biosynthesis, had an effect that was similar to, but far weaker than that of Adx on stressed mice. The pre-administration of phenoxybenzamine, an a-adrenergic blocking agent, to mice prevented both the inhibition of antibody response to TD antigen and the decrease in spleen cell number of restrained mice. A similar effect was observed in mice pre-treated with 6-hydroxydopamine, an adrenergic neuron degenerating agent.
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However, no effects of these two agents were observed on the enhancement of antibody response to TI antigen. The suppressive effect of the antibody response to TD antigen was augmented by the pre-administration of propranolol, a e3-adrenergic blocking agent. These results suggest that the suppression of the function of T cells in restrained mice are attributed to the released adrenocortical and adrenal medullary hormones and activated sympathetic nervous system and that the enhance ment of B cell function is due to the adrenocortical hormones.
We showed previously that restraint stress altered lymphocyte functions in mice (1, 2). There are considerable evidences for the modulation by corticosteroids (3-6). These observations support the hypothesis that adrenocortical hormones are the primary mediator of stress effects on the immune system (7-9). However, it is suggested that a variety of other hormonal and neuro secretory systems may be involved in the stress-induced modulation of immunity (10 13). (15) . Lightly conjugated TNP-SRBC were prepared as described by Rittenberg and Pratt (16) for detecting anti TNP PFC.
Stress procedure: Experimental mice were fixed in restraint cages for 12 hr a day at night (21:00-9:00) and placed in home cages for the remaining 12 hr with food and water ad libitum. The restraint cages were prepared according to the literature (17) . Control animals were maintained in home cages from which food and water were removed for the period of stress loading of the counterparts.
Usually mice were loaded with restraint stress for 2 consecutive days.
The estimation of corticosterone concen trations:
Plasma corticosterone concen trations were determined by a fluorometric method, essentially as described by Imura (18) .
Adrenalectomy: Adrenalectomy was car ried out by resecting bilateral adrenals according to Kumagai's method (19) .
Statistics: Statistical significance was calculated by Student's t-test. Differences were considered to be significant when the probability (P) value was <0.05. (100 mg/kg) was orally administered two times a day (morning and evening) from 2 days before the start of stress loading during the stress period. As seen in Fig. 3 , the pre treatment of metyrapone partially blocked the suppression of anti-SRBC PFC response in restrained mice. On the other hand, the anti TNP-LPS PFC response in stressed mice was suppressed clearly. Metyrapone blocked neither the involution of the thymus nor the decrease in the spleen cell number (data not shown). Influence of adrenal medullary hormones on the modulation of antibody responses in stressed mice: It has been known that there are two major types of receptors (a and ;3) through which adrenal medullary hormones affect the activity of effector cells (21) . In order to clarify a possible correlation between adrenal medullary hormones and stress effects, we assessed the effect of a and 13 adrenergic blocking agents on the modu lation of immune responses caused by restraint stress. At first, mice were orally administered with phenoxybenzamine, an a blocking agent, at a dose of 100 mg/kg two times per day (morning and evening) starting 2 days before stress loading during the stress period. As shown in Fig. 4 , phenoxy benzamine prevented the suppression of PFC response to SRBC in stressed mice.
On the other hand, the response to TN P LPS in stressed mice was not influenced by phenoxybenzamine. Phenoxybenzamine par tially (50%) blocked the decrease in spleen cell number, but not the involution of the thymus (Table 2) . BALB/c mice were orally administered with 100 mg/kg phenoxybenzamine 2 times daily from 2 days before stress loading during the stress period. These mice were fixed for 12 hr a day for 2 consecutive days and then immunized with SRBC or TNP-LPS. Four days after immunization, the number of anti SRBC or anti-TNP PFC in the spleen was determined. was examined in the next experiment. Propranolol was intraperitoneally admin istered two times per day (morning and evening) from 2 days before stress loading during the stress period. As depicted in Fig. 5 , propranolol-treated restrained mice showed more suppressed response to SRBC than non treated stressed mice. On the other hand, propranolol did not affect the antibody response to TNP-LPS in either control or stressed mice.
The dose of 100 mg/kg 6-OHDA, an adrenergic neuron degenerating agent, was intraperitoneally medicated two times, 1 day and 5 days before stress loading. Figure 6 shows the results. Suppressed anti-SRBC PFC response of restrained mice was recovered partially by 6-OHDA. However, 6-OHDA did not affect the PFC response to TNP-LPS in restrained mice. Furthermore, the involution of the thymus and the decrease in the number of spleen cells were not prevented by 6-OHDA. These results (Figs. 4, 5 and 6) were suggestive of the involvement of the adrenal medullary hor mones and sympathetic nervous system in the suppression of T cell-mediated response. 
Discussion
Adrenalectomy completely prevented the changes of antibody responses induced by the restraint stress, i.e., the suppression of the PFC response to TD antigen and the increase of number of PFC/106 spleen cells to TI antigen.
Corticosteroids have long been considered to be the primary mediator of stress-induced modulation of immunity (7 9). There are a few, but reliable reports about the relationship between stress-induced modulation of immune functions and adrenal medullary hormones (9, 22, 23) . In order to clarify the mechanisms of the stress-induced modulation, we separately investigated the effects of adrenocortical and adrenal medullary hormones. Pre-administration of metyrapone partially blocked the suppression of PFC response to TD antigen, but on the contrary, it inhibited the increase of number of PFC/106 spleen cells to TI antigen. We have previously demonstrated that both helper T cell and suppressor T cell activities were suppressed, but B cell activities were rather enhanced in splenocytes from restrained mice (24) . In this study, the number of PFC/spleen to TNP-LPS was not increased by restraint stress. However, it would be due to the atrophy of the spleen caused by the stress. So we think that the increase of number of PFC/106 spleen cells to TNP-LPS by restraint stress indicates the enhancement of anti-TN P LPS PFC response. activities but augment B cell activity. As noted before, corticosteroids, have been known to exert immuno-suppressive effects (3-6). However, these results were obtained when corticosteroids at several orders of magnitude higher than the physiological con centrations were exogeneously injected into animals. So, little is known about the action of endogeneous corticosteroids on the immune system. Recently, it has been demon strated that corticosteroids at physiological levels rather augment the antibody pro duction (25) (26) (27) . On the other hand, adminis tration of metyrapone could not block either the involution of the thymus or the decrease in the number of splenocytes.
We propose three possible reasons why this agent can not block these events: 1) Metyrapone could not completely inhibit the synthesis of cor ticosteroids.
2) Original corticosteroids syn thesized before administration of metyrapone might have an effect. 3) Some factors other than corticosteroids were involved in these effects. Explanation 2) or 3) seem the most likely to us because we could not prevent the involution of these tissues in spite of the administration of higher doses of metyrapone (data not shown).
The suppression of the PFC response to TD antigen was blocked by the pre-adminis tration of phenoxybenzamine, an a-adrener gic blocking agent, in restrained mice. It is interesting to note that phenoxybenza mine also blocked the decrease in the number of splenocytes. The prevention of stress induced suppression of the response was observed in mice treated with adrenergic neuron degenerating agent. This agent, however, did not prevent the decrease in the number of splenocytes. We suggest from these results that epinephrine or norepine phrine secreted from the adrenal mudulla decreases the number of splenocytes and that these adrenal medullary hormones and an activated sympathetic nervous system would suppress the T cell functions by acting on a-receptors in restraint-stressed mice.
Pre-administration of a (3-blocker showed the suppression of the antibody response to TD antigen in both non-stressed control and stressed mice. It has been reported that E3 stimulant promotes the in vitro antibody responses (28, 29) . Therefore, the obser vation in the experiment using a l3-blocker would be attributed to the direct suppressive effect of (3-blocker on immunocompetent cells.
In this article, we could not clarify what degree adrenal medullary hormones and the sympathetic nervous system are involved in the alteration of antibody response. However, we conclude that the suppression of PFC response to TD antigen in restraint-stressed mice would be due to the released adrenal medullary and adrenocortical hormones and an activated sympathetic nervous system and that the enhancement of PFC response to TI antigen in these animals would be due to the adrenocortical hormones.
